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Abstract
The effects of applying ozone treatment to live pond-raised tilapia on the survival of live fish and
length of storage of chilled fish were evaluated according to sensory, chemical, physical, and
bacteriological tests. Long-term low-level ozonation extended survival and improved the physi-
cal state of live fish in a tank and may be feasible for use in fish markets to improve commercial
quality of live fish. Ozone treatment of tilapia while still alive prolonged their storage life as chilled
tilapia by 12 days (40%) and improved their quality when stored at 0°C but had little effect at 5°C.
The improvement probably resulted from an initial reduction and prevention of growth of spoilage
bacteria such as Pseudomonas fluorescens, Shewanella putrefaciens, and Aeromonas sobria.
At 0°C, P. fluorescens was most sensitive to ozone, while Brevundimonas diminuta and
Pseudomonas putida were not. The combination of ozone pretreatment and storage at 0°C
appears to be a feasible means of prolonging the storage life of chilled tilapia.
Introduction
Consumers tend to prefer fresh and chilled
rather than frozen fish (Ashie et al., 1996).
Therefore, the fish-processing industry is
actively seeking methods for extending the
survival of live fish in fish market tanks and the
shelf life and quality of fresh chilled fish. One
method that could achieve these objectives
involves ozone, a strong antimicrobial agent
that is effective against the majority of gram-
positive and gram-negative bacteria, molds,
yeasts, parasites, and viruses in gaseous and
aqueous phases (Moore et al., 2000).
Ozone applications in the food industry
are mostly related to the decontamination of
product surfaces and water treatment
(Hobbs, 1991; Kim et al., 1999). Ozone has
been used with mixed success to inactivate
contaminant microflora on meat, poultry,
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eggs, fish, fruits, vegetables, and dry foods
(Kim et al., 1999, 2003). Until now, and in the
fish processing industry, ozone has been
used predominantly on an experimental basis
(Haragushi et al., 1969; Nelson, 1982; Chen
et al., 1992). Little has been reported on the
use of ozone on aquacultured freshwater fish
(Ravesi et al., 1987; Da Silva et al., 1998;
Kim et al., 2000).
The purpose of the present study was to
evaluate the effects of ozone on the survival
and storage life, respectively, of live and
chilled pond-raised tilapia. The objectives
were to determine the effects of long-term
low-level ozonation on fish survival in a tank
and the effect of ozone pretreatment on fish
shelf life and microflora stored at 0 or 5°C.
Materials and Methods
Fish. Pond-raised tilapia (Oreochromis niloti-
cus x Oreochromis aureus), averaging 200-
250 g, were reared in earthen ponds at the
Dor Aquaculture Experimental Station. 
Ozone treatment. For the long-term low-
level ozone experiment, fish were kept in the
tank at a density of approximately 10 kg fish
(40-50 fish) per 100 l water for 5 (Experiment
1) or 11 days (Experiment 2), with and with-
out ozonation in conditions similar to those in
fish markets. Water circulation was 10% per
day. The ozone concentration at entry was
0.1-0.12 mg/l; the residual concentration was
0.02-0.03 mg/l. Oxygen concentration was
8.0-8.5 mg/l and water temperature
23±1.5°C (Experiment 1) or 20±1.5°C
(Experiment 2).
In the storage experiment, live fish were
treated with 6 ppm ozone in a 100-l tank by
means of a G22 ozonizer (Pacific Ozone
Technology, Brentwood, California, USA) for
1 h. The ozone concentrations were mea-
sured continuously, on-line, with a Dissolved
Ozone Monitor, Model A15/64 (Analytical
Technology Inc., Collegeville, PA). A ventila-
tion system was used to remove excess
ozone. The water temperature ranged 20-
23°C. 
Packing and transportation. Ozone-treat-
ed and untreated (control) live fish were trans-
ferred from the Dor Aquaculture Experimental
Station to the laboratory at Bet Dagan in
sealed plastic bags. The bags were placed in
styrofoam boxes with abundant ice placed
beneath, on top of, and between the bags.
The boxes were immediately sealed to ensure
a rapid drop in the activity of the fish. The
body temperature of the fish dropped to 4°C
and death occurred within approximately 20
min. The time from packing to arrival at the
laboratory was 2 h and the temperature of the
fish upon arrival was 2°C. The fish that had
undergone long-term ozonation were taken
for bacteriological and sensory analysis
immediately after arrival.
In the storage experiment, fish were indi-
vidually packed in sealed polyethylene bags.
Samples of four ozone-treated and four
untreated fish were taken for evaluation on
the day of arrival. The bags were stored for 30
days at 0 or 5°C in incubator-refrigerators
(Hotpack, Model 352602, Philadelphia, PA;
FOC 225I, VELP, Scientifica, Milan, Italy).
Samples of four fish were randomly taken for
analysis from each treatment after 4, 8, 11,
14, 18, 22, 25, and 30 days of storage.
Sensory analyses. Fresh fish were evalu-
ated by assigning scores to twelve features on
a 10-point scale ranging from 10 (best) to 2
(worst; Gelman et al., 2001). The features
were slime (texture and odor), eyes (geometry
and color), gills (slime, color, and odor), mus-
cles (texture and stiffness), viscera (odor and
appearance), and flesh (odor). Four trained
experts with no less than 12 years working
experience individually assigned scores to
each feature. The average scores and stan-
dard deviations were calculated. A freshness
score above 4 was the threshold for accept-
ability. A freshness score of 6 or above was
required for a high-quality designation (Huss,
1994).
Physical analysis. Electrical resistance
was measured with a Torrymeter (GRI
Electronics Ltd., Scotland) in torrymetric units.
Four measurements were made on different
parts of the body of each fish: one in the dor-
sal section close to the head, two in the mid-
dle part of the body, and one near the tail. 
Chemical analysis. Total volatile basic
nitrogen (TVB-N) was determined with a
Gelman et al.
Kjeltec System 1026 (Foss Tecator, Sweden).
Bases from the weighed samples were dis-
tilled in the presence of magnesium oxide.
The distillate was collected in a solution of
excess boric acid in the presence of indicators
(methyl red mixed with bromocresol green)
and titrated with 0.01 N sulfuric acid. The
TVB-N value was expressed as grams of N
per kg fish (AOAC, 1995).
Bacteriological analyses. Total aerobic
bacterial counts were done on the surface, in
the gills, and in the flesh of the fish. Surface
counts were obtained by placing a 5 x 5 cm2
sterile template on the fish surface, in the mid-
dle region along the lateral line, and swabbing
the area enclosed by the template. Gill bacte-
rial counts were obtained by swabbing the
gills (approximately 1 cm2), transferring the
swabs to 10 ml of sterile peptone (0.1% w/v)
as a diluting medium, and shaking the solution
well before plating. For flesh samples, the skin
was removed aseptically, underlying muscles
(10 g) were removed and homogenized in a
Stomacher 400 (Model BA6021, Seward
Laboratory, UAC House, UK) for 1 min in 90
ml of sterile peptone (0.1 % w/v), a serial ten-
fold dilution in the same medium was plated
on plate count agar (PCA, Difco), and the
plates were incubated at 30°C for 48 h. 
Each of the 10 dominant bacterial colonies
from each PCA was re-streaked onto nutrient
agar and stored pending identification. The
following tests were used to determine the
purified strains: Gram staining, KOH-test, pro-
duction of oxidase, and growth on appropriate
media (MacConkey agar, Baird-Parker agar,
Pseudomonas agar, and Triple Sugar Iron
agar, Difco). Final biochemical identification
was carried out with API NE, API 20E, and
API Staph (BioMerieux Vitek, Inc., Marcy-
l’Etoile, France).
Statistical analysis. Each measurement
was carried out on four samples and results
are presented as averages±SD. The signifi-
cance of differences in sensory values and
bacterial counts between ozone-treated and
control samples were determined by the
Student-Newman-Keul test (Sokol and Rohlf,
1995). Differences were considered signifi-
cant when p<0.05.
Results
Long-term low-level ozonation. The physical
status of the fish transported from kibbutz
aquafarms in a traditional manner (Experiment
1) and fish captured at Dor Aquaculture
Experimental Station undergoing minimal
stress (Experiment 2) were compared.
In Experiment 1, long-term low-level expo-
sure to ozone had a positive effect on fish sur-
vival in a closed system; practically all the fish
were alive and healthy after five days in the
tank. In the control groups, most of the fish
were ill or dead by the third day and only one
or two remained alive on the fifth. In the treat-
ed tank, the ozonated water remained clear,
the fish were active, fish surfaces were intact
without traces of mold or injury, eyes were
black and shiny, and slime was transparent
and elastic. In contrast, water in the control
tank was cloudy by the third day and the sur-
faces of the fish were dull and partially cov-
ered by mold and non-elastic slime.
In the ozonated water, total bacteria
counts on the fish surfaces and gills rose
insignificantly from 8 x 103 to 2.3 x 104 and
from 5.6 x 104 to 1.74 x 105 CFU/cm2, respec-
tively. In contrast, microbial contamination of
the fish surfaces and the gills in the control
group increased from 1.1 x 104 to 4.4 x 107
and 1.61 x 105 to 2 x 107 CFU/cm2 by the fifth
day (p<0.05). In the ozonated water, the
microflora became more varied with time but
Shewanella putrefaciens was not recorded
and the water retained its natural smell. In the
control tank the initial microbial composition
on the fish surface and gills was composed of
Micrococci, Aeromonas spp. (A. hydrophila,
A. sobria), with Pseudomonas spp. (P. aerug-
inosa and P. putida) predominant. By day 5,
the Micrococci disappeared, the numbers of
Pseudomonas and Aeromonas increased,
and Acinetobacter lwoffii and S. putrefaciens
appeared, the latter most probably being the
source of an unpleasant smell in the water.
Experiment 2, in which fish were captured
at Dor Aquaculture Experimental Station and
transferred to the tank carefully to minimize
stress, differed in length from Experiment 1.
By day 11, only 26.4% of the fish in the
ozonated water were dead whereas 92.4% of
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the control fish were dead (Fig. 1). The total
bacterial counts and microflora composition
were similar in the control and ozonated fish.
As the ammonium (NH4+) concentration was
6.3 times higher in the control tank than in the
treated tank, it could be proposed that the
ozone destroyed the ammonium and thus
improved water quality.
Sensory properties of stored fish. Ozone
treatment of live tilapia prolonged their subse-
quent shelf life by 12 days when stored at 0°C
(Table 1). The control group maintained high
quality ratings (6 points) up to 18 days while
the ozone-treated fish maintained this quality
to 30 days. At 5°C, the control fish maintained
the high quality level until day 8 and the
ozone-treated fish until day 11, i.e., the shelf
life was prolonged by three days in the treat-
ed fish. The differences were statistically sig-
nificant (p<0.05).
Physical analysis of stored fish. At 0°C,
the Torrymeter readings dropped faster in the
ozone-treated group than in the control during
the first seven days and more slowly in the
ozone-treated group thereafter (Gelman et al.,
2005). The differences between the control
and treated groups were significant and per-
sisted throughout the storage period. At 5°C,
the readings dropped more rapidly, with no
differences between the untreated and ozone-
treated groups.
Chemical analysis of stored fish. At 0°C,
the TVB-N rose steadily during storage but
was significantly lower in the ozone-treated
fish (Gelman et al., 2005). TVB-N did not
reach 0.3 g/kg in the ozone-treated fish, but
exceeded this level in the control. The differ-
ence between the groups began on day 14
and persisted throughout the storage period
of 30 days. At 5°C, the TVB-N rose rapidly in
both the control and the ozonized fish, with no
significant differences, and exceeded the
acceptable level of 0.3 g/kg by day 14.
Bacteria on surfaces of stored fish. At 0°C,
the total bacteria counts in the control fish
rose continuously and reached around 105
CFU/cm2 by day 14 (Gelman et al., 2005).
The counts in the ozone-treated fish rose
more slowly and reached around 105 CFU/
cm2 by the end of the storage period. At 5°C,
the total counts rose rapidly in both groups,
exceeding the acceptable level of 105
(ICMSF, 1986) on day 8 and reaching around
109 CFU/cm2 by day 14.
Bacteria in muscles of stored fish. At 0°C,
the total counts in the control group rose after
20 days and reached about 104 CFU/g by the
end of storage (Gelman et al., 2005). The
ozone-treated fish remained very lightly con-
taminated (below the registered level 102
CFU/g) until the end of storage. At 5°C, the
total counts in both groups increased by day 8
and reached 105 CFU/g by day 14. 
Microbial species composition. The initial
background population comprised mostly
Micrococci, Aeromonas spp., Enterobacteria-
ceae, Acinetobacter, and Pseudomonas spp.
Microbial composition of fish stored at
0°C. Microflora on the fish surface in the con-
trol group disappeared in the following order:
Citrobacter freundii, A. lwoffii, Micrococci, and
A. sobria (Table 2). They were replaced by
Brevundimonas diminuta (formerly, Pseudo-
monas diminuta), P. putida, and the dominant
Pseudomonas fluorescens that reached 3.3 x
107 CFU/cm2 by day 30. In the ozonated
group, C. freundii and A. lwoffii were eliminat-
ed as early as day 4 and Micrococci and A.
Gelman et al.
Fig. 1. Effect of long-term low-level ozone treat-
ment on tilapia survival.
100
80
60
40
20
0
0 2 4 6 8 10 12
Day
M
or
ta
lit
y 
(%
)
Control Ozone-treated
sobria were no longer detected by day 25.
After this, B. diminuta and P. putida dominat-
ed.
Contamination in the muscles of the con-
trol group was below the detectable level until
day 22 (Table 3). On day 22, the same
Pseudomonas spp. and B. diminuta appeared;
B. diminuta dominated but did not exceed
approximately 103 CFU/g. By day 30, it was
mostly replaced by P. fluorescens and P. puti-
da. Contamination in the muscles of the
ozonated fish remained below the detectable
level (<10 CFU/g).
Microbial composition of fish stored at
5°C. By day 8, Micrococci, A. lwoffii, and C.
freundii were no longer detected and
Pseudomonas fluorescens dominated the sur-
faces of control fish (Table 4). By day 14,
when the fish deteriorated, P. fluorescens
reached 3.2 x 108 CFU/cm2 and S. putrefa-
ciens reached 2 x 107 CFU/cm2. On surfaces
of ozone pretreated fish, Micrococci, A. lwof-
fii, and C. freundii were undetectable as early
as day 4, A. sobria rose and reached 3.1 x
108 CFU/cm2 by the end of storage, and P.
fluorescens was not recorded.
Contamination of fish muscles was not
detected in either group until day 8. In the con-
trol group, P. fluorescens dominated while in
the muscles of the ozonated fish A. sobria
dominated (Table 5). 
Discussion
Keeping live fish in water with 0.1 ppm ozone
prolonged the survival and improved the
physical condition of tilapia. In Experiment 2,
survival of fish that had undergone minimal
stress was prolonged. Thus, low-level long-
term ozonation of freshwater fish together
with a ventilation system could be used in fish
shops to extend the marketing period and
improve the quality. Decreasing stress to fish
during harvest and transport is also very
important. The beneficial effects of using low-
level ozone in an aquaculture water system
have been reported by Sutterlin et al. (1984)
and Restraino et al. (1995). The extension of
the shelf life of perishable foods by using
ozone to reduce microbial activity has been
reported by Rice et al. (1982) and Dondo et al.
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(1992). Similar findings were reported with
marine species and ozonated ice (Nelson,
1982) or ozone in controlled atmospheres
(Dondo et al., 1992). 
Sensory analysis showed that ozone pre-
treatment of live tilapia prolonged their stor-
age life to 30 days and improved their quali-
ty when stored at 0°C. Pretreatment had lit-
tle effect on tilapia stored at 5°C. Total bac-
teria counts on the surfaces of pretreated
fish were 2-3 log CFU/cm2 less than in the
control fish when stored at 0°C although no
differences existed at 5°C. Muscle contami-
nation in ozone-treated fish remained below
the detected level until day 30 but only until
day 22 in control fish at 0°C. In contrast, the
shelf life of catfish fillets was slightly length-
ened in storage at 4°C after 10-ppm ozone
pretreatment (Kim et al., 2000) and gaseous
ozone had a bactericidal effect on five
species of fish bacteria inoculated on agar
surfaces but much less effect on surface
microflora and little effect on muscle
microflora of fresh scad stored in ice (Da
Silva et al., 1998). The differences between
different results could be attributed to differ-
ences in experimental design (storage tem-
perature, ozone dosage, exposure time,
gaseous or aqueous phases of ozone, etc.).
Our storage experiments demonstrate the
importance of maintaining a precise temper-
ature with a maximum close to 0°C to main-
tain the preservative activity of ozone, per-
haps accounting for the stronger effect
obtained in our study than in those conduct-
ed 4°C (Dondo et al., 1992; Kim et al., 2000)
or 0±3°C (Da Silva et al., 1998).
The microbial composition on the fish sur-
faces and muscles was affected by tempera-
ture and ozone pretreatment. At 0°C, the ini-
tial microflora in pretreated and control fish
was gradually replaced by representatives of
Brevundimonas and Pseudomonas spp.
Thereafter, the main difference between the
two groups was the rapid growth of P. fluo-
rescens on the surface of the untreated fish. It
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Day of storage
22 25 30
Species Count % Count % Count %
Micrococcus - - - - - -
C. freundii - - - - - -
A. lwoffii - - - - - -
A. sobria - - - - - -
B. diminuta 3.88 80 3.00 12 3.30 25
P. putida 2.88 8 3.32 25 3.23 20
P. fluorescens 3.04 12 3.73 63 3.65 55
S. putrefaciens - - - - - -
Other species - - - - - -
Table 3. Bacterial count (log CFU/g) and distribution (%) of microorganisms iso-
lated from muscles of tilapia that were not pretreated with ozone (control) and were
stored at 0°C*.
* Microorganisms were below detectable level (1.0 ) from day 1 through day 18 in
the control fish and throughout the storage the ozone pretreated fish. Therefore,
they do not appear in this table.
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is likely that this strain caused the fish deteri-
oration. In ozonated fish, B. diminuta and P.
putida came to dominate, indicating that P.
fluorescens was the most ozone-sensitive
species in our experiment. 
At 5°C, P. fluorescens tended to dominate
in untreated fish, although S. putrefaciens and
A. sobria were also detected. In the ozone-
pretreated fish, however, A. sobria dominated,
accompanied by S. putrefaciens, B. diminuta,
and P. putida. The deterioration in ozone-
treated fish was slightly slower than in the
control fish but, by day 14, the fish of both
groups deteriorated. At this temperature, A.
sobria appeared to be more resistant to ozone
than B. diminuta and P. putida. Ozone pre-
treatment and storage at 5°C did not reduce
the growth of S. putrefaciens and A. sobria,
whereas storage at 0°C, with or without ozone
pretreatment, prevented their growth. Thus,
only the combination of ozone pretreatment
and storage at 0°C reduces or prevents the
growth of the spoilage bacteria S. putrefa-
ciens, P. fluorescens, and A. sobria, prolong-
ing the tilapia storage time. 
Conclusions
Long-term, low-level ozonation of live fish in a
tank extended their survival and improved
their physical condition. This intervention may
Gelman et al.
Day of storage
1 4 8 11 14
Species Count % Count % Count % Count % Count %
Control (no ozone pretreatment)
Micrococcus 1.32 15 - - - - - - - -
C. freundii 1.49 22 2.32 10 - - - - -
A. lwoffii 1.32 15 2.78 29 - - - - - -
A. sobria 1.69 35 3.72 25 5.50 20 6.67 6 7.60 10
B. diminuta - - - - - - - - - -
P. putida - - - - 4.91 5 - - - -
P. fluorescens - - 3.78 29 6.04 70 7.82 85 8.50 80
S. putrefaciens - - 2.02 5 4.91 2 6.59 5 7.32 5
Other species 1.25 13 2.62 2 4.68 3 6.49 4 7.32 5
Ozone pretreatment
Micrococcus 1.00 5 - - - - - - - -
C. freundii 1.74 26 - - - - - - - -
A. lwoffii 1.62 20 - - - - - - - -
A. sobria 1.89 37 4.40 68 5.72 80 7.69 70 8.50 61
B. diminuta 1.00 5 - - - 4 - - 7.72 10
P. putida - - 3.75 15 4.86 - 6.79 9 7.42 5
P. fluorescens - - - - - - - - - -
S. putrefaciens - - 3.65 12 4.94 16 7.08 18 8.00 20
Other species 1.15 7 3.28 5 4.56 - 6.32 3 7.32 4
Table 4. Bacterial count (log CFU/g) and distribution (%) of microorganisms isolated from
surfaces of tilapia stored at 5°C.
be a feasible means for improving the com-
mercial quality of fish in fish shop tanks. This
effect may have been the result of the reduc-
tion of bacterial contamination as well as the
decrease of ammonium concentration in the
ozonated water. 
Ozone pretreatment of tilapia while live
prolonged the storage life by 12 days (40%) of
chilled fish and improved quality characteris-
tics during 30 days of storage at 0°C, but had
less effect when stored at 5°C. The beneficial
effect was probably the result of the reduction
or prevention of the growth of spoilage bacte-
ria such as P. fluorescens, S. putrefaciens,
and A. sobria. The combination of ozone pre-
treatment and storage at 0°C appears to be a
feasible means of prolonging storage life.
Ozone sensitivity appeared to differ
among bacterial species. In storage at 0°C, P.
fluorescens, which causes fish spoilage,
appeared to be more ozone sensitive than B.
diminuta and P. putida.
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Day of storage
8 11 14
Species Count % Count % Count %
Control (no ozone pretreatment)
Micrococcus - - - - - -
C. freundii - - - - - -
A. lwoffii - - - - - -
A. sobria 1.41 32 2.76 11 2.89 9
B. diminuta - - - - - -
P. putida 1.32 25 2.68 9 1.94 1
P. fluorescens 1.53 43 3.62 80 3.89 90
S. putrefaciens - - - - - -
Other species - - - - - -
Ozone pretreatment
Micrococcus - - - - - -
C. freundii - - - - - -
A. lwoffii - - - - - -
A. sobria 1.81 80 3.49 85 3.98 86
B. diminuta - - 2.27 5 2.34 2
P. putida - - - - 2.82 6
P. fluorescens - - - - - -
S. putrefaciens 1.2 20 2.57 10 2.82 6
Other species - - - - - -
Table 5. Bacterial count (log CFU/g) and distribution (%) of microorganisms isolated
from muscles of tilapia stored at 5°C.
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